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  Implementation of protocols and progress in national policies 
and strategies  

1. This document presents the second part of the draft 2010 review on strategies and 
policies (the first part is contained in ECE/EB.AIR/2010/8 and the third part in 
ECE/EB.AIR/2010/8/Add.2) prepared by the secretariat with the assistance of a consultant 
as mandated by the Executive Body (ECE/EB.AIR/99, para. 85 (e)). It summarizes progress 
in the implementation of four of the protocols to the Convention on Long-range 
Transboundary Air Pollution (the Convention), based on responses to the 2010 
questionnaire on strategies and policies (ECE/EB.AIR/2009/12 and ECE/EB.AIR/2009/13) 
provided by 281 of the 51 Parties to the Convention. 

 A. 1999 Gothenburg Protocol to Abate Acidification, Eutrophication and 
Ground-level Ozone 

 1. Overview 

2. The 1999 Gothenburg Protocol to Abate Acidification, Eutrophication and Ground-
level Ozone (Gothenburg Protocol)2 entered into force in May 2005 and has 25 Parties (as 
of 30 August 2010).3  

3. The Gothenburg Protocol is a multi-effect, multi-pollutant protocol that sets out to 
control and reduce emissions of sulphur (SO2), nitrogen oxides (NOx), ammonia (NH3) and 
volatile organic compounds (VOCs) that contribute to acidification and eutrophication as 
well as to increasing levels of ground level ozone, all of which have adverse impacts on 
human health and the environment. The Protocol sets emission ceilings for each pollutant to 
be reached by 2010, as well as limits for emission sources, both mobile and stationary. 
Furthermore, the Protocol aims to promote exchange of information and technology among 
Parties, public participation and adoption of strategies, policies, programmes and measures 
to reduce emissions and increase energy efficiency. It also encourages research, 
development, monitoring and cooperation to improve scientific understanding on the long-
term effect of emissions and their impact on the hemispheric background concentrations of 
SO2, NOx, VOCs, ozone and particulate matter (PM). Once the Protocol is fully 
implemented, Europe’s emissions should be cut significantly for SO2 (63%), NOx (41%), 
VOCs (40%) and ammonia (17%), compared to 1990. 

4. The Working Group on Strategies and Review is currently negotiating revisions to 
the obligations of the Gothenburg Protocol and its annexes, with a view to presenting 
amendment proposals for adoption by the Parties to the Protocol within 1 to 2 years. One of 
the main goals of the revision is to address PM. An ad hoc Expert Group on Black Carbon 

  
 1 The review draws on replies provided by the following Parties by 22 May 2010: Austria, Belarus, 

Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Germany, Hungary, 
Italy, Liechtenstein, Netherlands, Norway, Poland, Romania, Russian Federation, Slovakia, Slovenia, 
Spain, Sweden, Switzerland, United Kingdom of Great Britain and Northern Ireland, Ukraine, United 
States of America and European Union. 

 2 The text of the Protocol is available at http://www.unece.org/env/lrtap/multi_h1.htm. 
 3 Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Hungary, 

Latvia, Lithuania, Luxembourg, Netherlands, Norway, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland, United Kingdom of Great Britain and Northern Ireland, United States of 
America and European Union. The updated status of ratifications is available at 
http://www.unece.org/env/lrtap/status/lrtap_s.htm.  
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established by the Executive Body in 2009 will finalize a report identifying options for 
potential revisions to this Protocol that would enable the Parties to mitigate black carbon as 
a component of PM for health purposes while also achieving climate co-benefits.4 The Task 
Force on Hemispheric Air Pollution’s final assessment will be available in 2010 and will 
also inform the negotiations.5 The Task Force on Reactive Nitrogen is also addressing 
ammonia abatement and developing technical and scientific information on an integrated 
approach to mitigation of agricultural nitrogen emissions that is being taken into account in 
the negotiations for the revision of the Protocol.6

 2. Strategies, policies and programmes for implementing the Gothenburg Protocol  

5. Most Parties reported that they had specific national strategies for reducing air 
pollutants regulated under the Gothenburg Protocol, some of them setting national ceilings 
and standards. In other cases, for example in Romania, air pollution was regulated through 
environmental laws and decrees implemented jointly by a number of ministries. Several 
Parties noted also that they had implemented all relevant European Union (EU) directives 
and policies related to air pollution or that the national legislation was being harmonized to 
comply with them, as in Croatia. 

6. Canada had set SO2 emission reduction targets and caps, including federal 
regulations of national scope on the SO2 content of fuels for the transportation sector and 
regional (provincial) regulations of stationary sources. Industries had introduced cost-
effective ways to meet the caps (including modernization of their equipment and 
processes), thereby maximizing competitiveness and innovation. Canada and the United 
States reported on plans to negotiate an annex to the 1991 Canada-United States Air 
Quality Agreement that would specifically target PM.  

7. Switzerland reported that it had revisited its policy on air pollution in 2009, since, of 
the main pollutants, only SO2 targets had been achieved. Its new strategy was integrated 
across the different pollutants: NOx, SO2, VOCs, NH3 and PM10, and aimed to reach air 
quality standards and critical loads for acidity and nitrogen. It defined emission-reduction 
targets as well as measures and management options in road and non-road traffic, industry, 
combustion plants and agriculture.  

8. Others highlighted financial incentives and taxes as an important element of their 
strategy to reduce pollutants. For example, Norway made use of economic incentives in 
order to reduce emissions of SO2. In Sweden, measures taken to reduce SO2 emissions 
included tax incentives for sulphur-free motor oil and disincentives (taxes on coal, peat and 
oil), and the application of a charge to combustion plants since 1992.   

9.  Parties also referred to their measures for promoting renewable sources of energy, 
fuel switching and increased energy efficiency to combat both climate change and air 
pollution. For Spain, research on and promotion of alternative sources of energy was an 
important element of its pollution-reduction strategy, involving biofuels in the transport 
sector, wind energy and a reduction in the use of nitrogenated fertilizers. The United 
Kingdom noted that, in line with the national air quality strategy, local authorities were 
required to report back on 198 national performance indicators, including emissions of 
NO2. In the United States, national ambient air quality standards had been set for six 
pollutants, including SO2, NOx, ozone and PM. Furthermore, upon the establishment of a 

  
 4 For further information see http://www.bceg.org/. 
 5 http://www.unece.org/env/lrtap/TaskForce/tfhtap/welcome.html. 
 6 http://www.unece.org/env/lrtap/TaskForce/tfrn/welcome.htm. 
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new ambient air quality standard, state and local governments would be required to 
implement plans and programmes to reduce these pollutants by specific deadlines.   

 3. Progress in meeting emission limit values for stationary sources 

10. Basic obligations set out in article 3 of the Gothenburg Protocol provide for the 
application of emission limit values (ELVs) specified in annexes IV, V and VI to the 
Protocol for each new and existing stationary source. 

  New stationary sources  

11. In Bulgaria, Croatia, the Czech Republic, Denmark, Finland, Germany, the 
Netherlands, Romania, Slovakia, Slovenia and Spain limit values for SO2 emissions from 
new stationary sources varied between 5 milligrams per cubic metre (mg/Nm3) (for 
liquefied gas) to 850 mg/Nm3 (for solid and liquid fuels in power plants of 50–100 
megawatt thermal (MWth)), well within the limits set in annex IV to the Gothenburg 
Protocol. While Norway reported that two of its three new sources produced SO2 emissions 
within the limits of the Gothenburg Protocol, the third and most recent plant required 
optimization of the process to reduce its SO2 emissions. In Sweden, refineries did not have 
concentration ELVs, but rather bubble loads ELVs (in tons per year). Switzerland’s 
maximum SO2 emissions reached 1,700 mg/m3 for heavy or medium fuel oil in stationary 
sources of between 50–300 MWth. This Party applied the same limits for both new and 
existing stationary sources. 

12. Annex V to the Protocol sets limits for NOx in new stationary sources varying from 
50 NOx mg/Nm3 for onshore combustion sources of more than 50 MWth fuelled by natural 
gas, to 1,300 NO2 mg/Nm3 for boilers with solid fuels with less than 10% volatile 
compounds. With respect to this pollutant, Parties reported limit values for new stationary 
sources varying from 20–50 mg NO2/Nm3 to a maximum of 800 mg NO2/Nm3 for kilns 
used in cement production in Bulgaria, Slovakia and Spain. The Netherlands reported 
1,270 mg NO2/Nm3 for compression ignition engines, >5 MWth using heavy fuel where the 
limit set in the Protocol is 600 mg NO2/Nm3. The highest value reported by Croatia was of 
600 mg/Nm3 for stationary compression ignition (diesel) engines (>5 MWth) with heavy 
fuel oil. 

13. VOC limits for new stationary sources that store and distribute petrol (excluding 
ships) with throughput of 5,000 m3 are set in the Protocol at 10 grams per cubic metre 
(g/Nm3). Responding Parties reported a range from a low of 0.15 g/Nm3 to a high of 
35 g/Nm3. All responding Parties noted that their VOC emissions from new stationary 
sources producing solvents (including adhesive coatings, varnishes and inks) were in line 
with the limits set in annex VI to the Protocol, with a few exceptions reported by Finland, 
Norway, Slovakia and Sweden. Limit values for VOC emissions for wood and plastic 
lamination, coating processes in the car industry, dry cleaning and extraction of vegetables 
and animal fats, as specified in the annex VI, were respected by all responding Parties (with 
only two values across all countries being slightly higher than the limits values), with 
Germany reporting more stringent values for most sources.  

  Existing stationary sources  

14. For existing stationary sources, limits for emissions of SO2 were significantly higher, 
reaching 3,650 mg/Nm3 for liquid fuels in plants of 300–500 MWth in Bulgaria and 
Romania, and 2,000 for solid fuels 50–100 MWth in Croatia, Denmark, Finland and Spain. 

15. Similarly to new sources, maximum limits for existing sources were set for kilns 
used in cement production with limit values as high as 1,200 mg NO2/Nm3 in Bulgaria, 
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Croatia, Cyprus and Spain, 1,300 mg NOx/Nm3 in Slovenia and 1,500 mg NOx/Nm3 in 
Slovakia. 

16. Most Parties considered the limit values specified in accordance with article 3.3 to 
be technically and economically feasible for existing stationary sources. However, the 
Czech Republic noted that the size and type of footwear would impact on the limit set of 
25g VOC/pair with, for instance, army or mountaineering boots requiring extra adhesives. 

  Sulphur recovery for new and existing Claus plants and emissions from new and existing 
installations for titanium dioxide production 

17. Annex IV to the Gothenburg Protocol sets limit values for sulphur recovery for 
Claus plants that produce more than 50 mg of SO2 a day. These limits were respected (and 
exceeded) by Bulgaria, Germany, the Netherlands, Portugal, Slovakia, Slovenia, Sweden, 
Switzerland and the United Kingdom. For titanium dioxide (TiO2) production, annex IV 
sets the limit of SO2 discharges at no more than 10 kg of SO2 equivalent per mg of TiO2 
produced for both new and existing installations. In this respect EU Directive 92/112/EC 
sets a limit of 10 kg/ton TiO2 (total emission), which was reported as the limit applied in 
Bulgaria, Croatia, Slovakia and Slovenia. Finland had not set general emission limits for 
either Claus plants or TiO2 production. Nevertheless, these plants were regulated through 
permits which required the application of best available techniques (BAT). 

  Sulphur content of gas oil  

18. The SO2 content of diesel for on-road vehicles was 0.001% in Austria, Cyprus, 
Denmark, Norway, Sweden and Switzerland. It was 0.05% in Finland, 0.005% in Germany, 
Hungary, Slovenia and Spain, and 0.1% in Slovakia. For other types of fuels (e.g., diesel 
for off-road vehicles, gas oil for inland navigation, for heating, etc.), the maximum limit set 
was 0.2% (for example in Cyprus). The SO2 content of other types of fuels was 0.1% in 
Denmark, Finland, Hungary (since 2008), Slovakia and Spain, and 0.005% in Sweden. In 
Norway, since 2008 the maximum permitted SO2 content in gas oils, other than auto-diesel, 
was 0.1%. In Croatia, the limit value for SO2 content of gas oil was set at 0.2% and is due 
to go down to 0.1% as of June 2011. 

 4. Progress in meeting emission limit values for mobile sources 

19. Annex VIII to the Protocol highlights ELVs for fuels and new mobile sources such 
as passenger cars and light-duty vehicles, heavy-duty vehicles, diesel engines for non-road 
mobile machines, mopeds, etc. 

20. All responding Parties reported applying limit values for new passenger cars and 
light duty vehicles as set out in annex VIII to the Protocol for the period starting January 
2006 and January 2007 (depending on the class). These limits were more stringent in 
Slovakia, Slovenia and Switzerland. 

21. For new heavy duty vehicles, if the European steady-state cycle (ESC) and 
European load-response (ELR) test were used, the 2008 values set in the Gothenburg 
Protocol of 1.5g/kWh for carbon monoxide (CO), 0.46 g/kWh for hydrocarbons (HC), 2 
g/kWh for NO2 g/kWh, 0.02 for particulates and 0.5 for smoke were reported by most 
countries. Croatia, Cyprus, Denmark, Hungary and Spain reported a higher limit for NO2, at 
3.5 g/kWh which corresponds to the values of the EC Directive 2005/55/EC. The United 
States reported (in grams per break horsepower hour (g/bhp-hr)) 0.2 for NO2, 0.14 for non-
methane hydrocarbon (NMHC) and 0.01 for PM. On the other hand, if the European 
transient cycle (ETC) test was used (in application of Euro III, IV and V standards) and in 
line with annex VIII, table 3 to the Protocol, for new heavy duty vehicles, Croatia, Cyprus, 
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Denmark, Hungary and Spain had complied with the 1 October 2006 values, while others 
reported on compliance with the values set for 1 October 2009.  

22. Cyprus, Hungary, Slovakia and Slovenia reported that their most recent limit values 
for CO, hydrocarbons (HC), nitrogen and PM for new diesel engines for non-road mobile 
machines were within the limits of annex VIII. The Czech Republic, Denmark, Finland, 
Germany, Norway, Spain, Sweden and Switzerland reported more stringent values, in line 
with the EU Directive 97/68/EC and its amendment 2004/26/EC. The United States also 
reported values equal to or below those in the Protocol. Croatia reported limit values for 
pollutants from non-road machines corresponding to 1998 limits in the Protocol. The 
Netherlands however, reported ELVs for all pollutants above the limits set in the Protocol 
(from 2000) for engines above 37 kW (corresponding to the limits set from 1998 to 2000). 

23. Cyprus, Finland, Slovenia and Spain reported limit values for new motorcycles and 
3- and 4-wheelers (> 50 cm3; > 45 km/h) equal to those identified in annex VIII to the 
Gothenburg Protocol while Croatia, the Czech Republic, Denmark, Germany, Hungary, the 
Netherlands, Norway, Slovakia and Sweden reported limits for new motorcycles that 
corresponded to the EU Directive 2002/51/EC, and were generally lower than those in the 
Protocol. Switzerland reported the same limits for two-stroke and four-stroke engines, 
corresponding to the lowest limits across all pollutants in the same EU Directive. The 
United States reported similar values to those in the Protocol for CO, but higher values for 
hydrocarbons emitted from off-highway motorcycles as of 2006. 

24. The majority of responding Parties reported limits of 1 g/km and 1.2 g/km for CO 
and HC + NOx respectively for new mopeds (≤ 50 cm3; ≤ 45 km/h), in line with EU 
Directives 1997/24/EC, 2002/25/EC and 2002/51/EC. On the other hand, Switzerland 
reported more stringent limits at 0.5 g/km for CO, 0.5 g/km for HC and 0.1 g/km for NO2. 

  Fuels 

25. All responding Parties reported that they complied with the limit values set out in 
annex VIII for different petrol types. For diesel fuel, the majority of Parties reported that 
they complied with limit values set out in annex VIII to the Protocol, except for SO2 
content for vehicles with positive ignition, which was lower in the following countries: 
Finland, Norway, Slovakia, Slovenia, Sweden and Switzerland, where it was 10 mg/kg 
instead of 50mg/kg.  

26. Several EU member States noted that they had implemented Directive 94/63/EC on 
limiting VOC emissions from petrol storage and distribution. All petrol stations in the 
Czech Republic and Finland were equipped with petrol vapour recuperation systems. 
Denmark promoted the application of vapour recovery systems via fiscal incentives for 
stations with a throughput of more than 500m3/year.  

 5. Measures applied to products containing solvents  

27. Most Parties reported that they implemented the EU “Deco Paint” Directive 
(2004/42/EC), according to which products containing solvents could only be placed on the 
market if they were below a maximum allowed VOC content and were clearly labelled with 
the subcategory of the product, the relevant VOC limit values in grams per litre and the 
maximum content of VOC contained in the product. Norway applied a harmonized, 
voluntary Nordic environmental labelling system, introduced in 1989, which provided 
consumers with more information on the products so that they could identify those that 
caused the least damage to the environment. Spain and the United Kingdom noted the use 
of the European Ecolabel, which includes VOC criteria for certain products, and is a 
voluntary instrument to encourage the development of greener products. 
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28. In Croatia, solvent production was the highest source of VOCs in 1990 (59.4% of 
total national emissions, in contrast to 15.8% for transport). To address the problem of 
solvents, a register had been set up of entities that used organic solvents or products 
containing VOCs and these were subject to ELVs by 31 December 2015. Plants not 
complying with ELVs of VOCs from vents/stacks, limit fugitive emission values or total 
ELVs were obliged to draw up an “Emission Reduction Programme”. Switzerland noted 
that it had introduced a VOC tax on products containing solvents requiring clear labelling 
and that information campaigns had been carried out to make consumers more aware about 
VOCs and to promote products with lower VOC contents. Specialized private companies 
were responsible for collecting VOC waste and disposing of it adequately. 

 6. Application of best available techniques to mobile and stationary sources 

29. In line with the obligations of the Gothenburg Protocol, responding Parties applied 
BAT to all pollutants and both to mobile and stationary sources. For example, since 2002, 
BAT have been applied in Bulgaria, using flue gas desulphurization in power generating 
plants. BAT were compulsory in Slovakia for both construction and upgrading of existing 
power facilities. The United Kingdom encouraged installation of flue gas desulphurization 
at many of its coal-fired power stations. Economic incentives were used in Finland, the 
Netherlands and Norway to promote adoption of BAT. For mobile sources, emissions in 
EU countries were being controlled under the EURO 1, 2, 3, 4, 5 and 6 standards. Issuance 
of permits was frequently tied to adoption of BAT. 

30. Cyprus reported on techniques to reduce VOCs from petrol distribution, notably 
vapour recovery units for the storage and distribution of petrol, thermal incineration and 
closed circuit systems. Road tankers were also modified so that they could collect and 
maintain petrol vapour. The Netherlands reported on BAT it used for chemicals, printing 
and rubber/plastics. Norway reported that the main source of VOCs was the loading and 
storage of offshore crude oil. Consequently, permits allocated to offshore oil operators 
since 2001 required the use of appropriate technology, including VOC-reducing technology 
(absorption, condensation and adsorption technologies) on shuttle tankers and storage 
facilities. Since 2008, offshore oil operators had to ensure that VOC-reduction technology 
was applied to 95% of their loads. Slovakia reported on its use of BAT across different 
industries, including thermal incineration, catalytic incineration, adsorption for solvents and 
the organic chemical industry or controlled disposal of straw, composting of waste and 
combining manure with straw for the agriculture sector. Sweden mentioned a number of 
measures that could be considered “upstream”, including substituting products containing 
VOCs with water-based systems and the development of new machinery in the dry-
cleaning sector.  

 7. Progress in reducing emissions from agricultural sources 

31. While emissions of NOx, SO2 and VOCs were addressed in earlier protocols to the 
Convention, the Gothenburg Protocol was the first one to address ammonia emissions from 
the agriculture sector (in its annex IX). Measures reported by Parties included publishing 
and disseminating an advisory code of good agricultural practice to control ammonia 
emissions, limiting ammonia emissions from the use of solid fertilizers based on urea, 
prohibiting the use of ammonium carbonate fertilizers, guidance on manure application, 
manure storage and animal housing. 

  Advisory code 

32. Most Parties had a strategy to reduce ammonia emissions from agricultural sources. 
Germany reported that its guidelines on nitrogen management took an integrated approach 
which included assessing more specifically the amount of nutrients needed in order to 
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ensure that the quantities applied were not excessive. Norway emphasized the importance 
of a well-established information system in order to disseminate advice on good 
agricultural practices. In this respect, the Norwegian Agricultural Extension Service played 
an important role in reaching and supporting rural farmers. 

  Manure 

33. Many Parties reported strict guidelines for the spread (time of day, condition of soil, 
spreading process, etc.) and storage of manure. The main measures reported by Parties to 
limit ammonia emissions from solid manure application related to restrictions as to the 
season for the application, the condition of the soil (for instance, the ground should not be 
covered by snow or frozen) and the incorporation of manure into the soil approximately 24 
hours after spreading it. For example, in Finland, spread of manure was controlled on 
warm, sunny and windy days. Croatia reported recommending the use of manure spreaders 
with smaller spraying angles and bigger drops. In Denmark, measures included 
improvements in manure handling, covering stores of solid manure, covering slurry 
containers, banning surface spreading, banning ammonia treatment of straw and limiting 
local ammonia volatilization from livestock in the vicinity of vulnerable natural habitats.. 
Germany also considered the time of day and the period in the growing season as additional 
factors in the application of manure. Restrictions on storage of manure were mentioned, 
notably by Cyprus, the Czech Republic, Finland and the United Kingdom. Romania 
reported that it provided direct payments to farmers who applied appropriate measures, 
such as taking into account the whole nitrogen cycle or using appropriate manure 
management techniques. 

  Nitrates 

34. A number of Parties highlighted that nitrate application in certain ecologically 
vulnerable zones was subject to particular restrictions. For example, Finland and Slovenia 
specifically emphasized reductions in the release of nitrates from agricultural sources into 
water bodies, while Hungary reported on a governmental decree which contained a list of 
vulnerable zones where farmers had to respect specific requirements when spreading 
nitrates. The EU Nitrates Directive was also referred to.  

    Solid fertilizers based on urea 

35. Measures applied for reducing ammonia emissions from solid fertilizers based on 
urea related to the temperature at which the urea was applied (e.g., Bulgaria, Germany), the 
speed at which it was applied (e.g., the Czech Republic) and use of urease inhibitors (e.g., 
Germany, Spain). However, not all responding Parties had specific measures related to 
urea, with many noting that only a small proportion of their fertilizers were based on urea 
(e.g., 5% of total solid fertilizers in Portugal).  

  Ammonium carbonate fertilizers 

36. The Protocol specifies that within one year of its coming into force, fertilizers based 
on ammonium carbonate should be banned. Many Parties reported that they had prohibited 
the use of ammonium carbonate fertilizers. In contrast, they were not directly prohibited in 
Denmark, Finland, Hungary, Portugal, Sweden or the United Kingdom. 

  Slurry application and storage 

37. Reported measures to reduce emissions from slurry application included injecting it 
or incorporating it directly into the ground, band-spreading, or limitations depending on 
slope inclination. For example, in Romania, the application of slurry on slopes greater than 
12% was prohibited. 
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38. As of 2011 Denmark would have a legal obligation to inject liquid manure that is 
applied to bare-soiled farmland and grass fields. Norway launched a pilot project in 2008 to 
provide financial incentives to farmers in five districts that applied low-emission slurry 
application methods, such as direct ground injection, band-spreading/shallow injection 
methods, and incorporating slurry in soils within two hours of spreading. 

39. Reported low-emission storage systems for slurry on large pig and poultry farms 
consisted in covering slurry stores, either with floating or rigid covers, which could reduce 
emissions by up to 90%. Croatia and Finland reported that slurry stores were filled from 
underneath to reduce emissions. Norway was also undertaking research to reduce emissions 
from slurry by transforming it into bioenergy to produce heat/electricity. Most responding 
Parties applied the above measures to both existing and new slurry stores. 

  Livestock housing  

40. Measures applied to livestock housing systems which contributed to reducing 
emissions by 20% or more included the introduction of partly slatted flooring and (in 
Bulgaria) vacuum or flushing systems for pigs; drying and regular removal of manure from 
poultry farms; and phase feeding. In Cyprus, manure from poultry farms was removed 
through traditional deep-pit houses where the manure falls into a pit beneath the surface of 
the house and is collected using manure belts (Germany also reported using these). Optimal 
livestock feeding methods (including the amount of phosphate and nitrogen allowed), as 
outlined in the EU BAT reference (BREF) documents were highlighted as important by 
Cyprus, the Netherlands and Romania. Finland introduced manure cooling systems in pig 
farms but did not apply any ammonia abatement measures for poultry farms. Several 
Parties referred to the EU Integrated Pollution Prevention and Control (IPPC) Directive 
(96/61/EC) and Guidelines on intensive livestock farming.  

 B. 1998 Aarhus Protocol on Persistent Organic Pollutants7

 1. Overview  

41. The 1998 Aarhus Protocol on Persistent Organic Pollutants (POPs) entered into 
force in October 2003 and has 29 Parties (as of 30 August 2010).8 Its ultimate objective is 
to eliminate any discharges, emissions and losses of POPs. 

42. At the outset, the Protocol lists 16 hazardous substances: 11 pesticides; 2 industrial 
chemicals; and 3 by-products/contaminants. It bans the use and production of several of 
these substances outright (aldrin, chlordane, chlordecone, dieldrin, endrin, 
hexabromobiphenyl, mirex and toxaphene), while others are scheduled for elimination at a 
later stage (DDT, heptachlor, hexaclorobenzene and PCBs). The Protocol severely restricts 
the use of DDT, hexachlorocyclohexane (HCH) (including lindane) and PCBs. It also 
includes provisions for dealing with the wastes of products that will be banned and sets 
specific limit values for the incineration of municipal, hazardous and medical waste. Parties 
are obliged to reduce their emissions of dioxins, furans, hydrocarbons (PAHs) and 
hexachlorobenzene (HCB) below their levels in 1990 (or an alternative year between 1985 
and 1995).  

  
 7 http://www.unece.org/env/lrtap/pops_h1.htm. 
 8 Austria, Belgium, Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, 

France, Germany, Hungary, Iceland, Italy, Latvia, Liechtenstein, Lithuania, Luxembourg, 
Netherlands, Norway, Republic of Moldova, Romania, Slovakia, Slovenia, Sweden, Switzerland, 
United Kingdom of Great Britain and Northern Ireland and European Union. Updated status of 
ratifications is available at http://www.unece.org/env/lrtap/status/lrtap_s.htm. 

 9 

http://www.unece.org/env/lrtap/pops_h1.htm
http://www.unece.org/env/lrtap/status/lrtap_s.htm


ECE/EB.AIR/2010/8/Add.1 

43. In December 2009, the Parties to the Protocol on POPs adopted decisions to amend 
the Protocol:9 (a) to include seven new substances: hexachlorobutadiene, 
octabromodiphenyl ether, pentachlorobenzene, pentabromodiphenyl ether, perfluorooctane 
sulfonates, polychlorinated naphthalenes and short-chain chlorinated paraffins; (b) to 
update and upgrade the obligations for eliminating the production and use of a number of 
POPs regulated by the Protocol (DDT, heptachlor, hexachlorobenzene and PCBs) and for 
fixing ELVs from waste incineration; as well as (c) to update the guidance on BAT to 
control emissions of POPs in annex V and to turn parts of it (chapters III to V) into a 
guidance document.10 The Parties also adopted an expedited procedure for the entry into 
force of the amendments to the Protocol. Parallel to this, with a view to facilitating the 
Protocol’s ratification by countries with economies in transition, the Parties introduced 
flexibilities for these countries regarding the time frames for the application of ELVs and 
BAT. These amendments have not yet entered into force for the Parties that adopted them. 

44. To date, a further five new substances were being considered for inclusion in the 
Protocol, namely endosulfan, dicofol and hexabromocyclododecane, pentachlorophenol and 
trifluralin. 

 2. National strategies, policies and programmes for reducing or eliminating POPs 

45. Several EU member States referred to EU Registration, Evaluation, Authorisation 
and Restriction of Chemicals (REACH) Regulation (2006/1907/EC) which aims to 
streamline and improve the EU legislative framework on chemicals by placing greater 
responsibility on industry to manage the potential risks of chemicals to health and the 
environment. Under the REACH Regulation all manufacturers and importers of chemicals 
must identify and manage risks linked to the substances they manufacture and market. 
Reference was also made to EU Regulation 850/2004 on POPs.   

46. Some Parties, such as the Czech Republic, reported that the control of POPs was 
regulated under their national environmental strategy, while others had specific decrees or 
legislation addressing activities releasing POPs, including in Denmark with regard to the 
emissions of PAH from wood burning stoves and boilers.  

47. Emissions of POPs from waste incineration were seen as particularly problematic 
and subject to national legislation. Cyprus for instance, had developed an action plan to 
raise public awareness regarding emissions from uncontrolled combustion since most of its 
dioxin emissions resulted from uncontrolled burning of waste. Also, in Denmark, Air 
Pollution Control Guidelines regulated waste incineration plants which were the main 
sources for HCBs. 

48. Belarus reported that it had developed technical documents on the treatment of 
equipment and waste containing PCBs and had set up a database of POPs (including PCBs, 
pesticides and areas contaminated by POPs). Canada reported on a number of federal 
policies and strategies related to toxic substances. In 2006 it had completed a categorization 
of 23,000 substances listed under the Domestic Substances List (DSL), with a view to 
developing a Chemical Management Plan to assess and manage the risks associated with 
the different substances.  

49. Croatia and the Netherlands as well as Belarus and Ukraine, which are not yet 
Parties to the Protocol, referred to their implementation of the Stockholm Convention on 
Persistent Organic Pollutants which imposes a worldwide ban on the production and trade 

  
 9 ECE/EB.AIR/99/Add.1. 
 10 Guidance document best available techniques for reducing emissions of persistent organic pollutants 

from major stationary sources (ECE/EB.AIR/2009/14). 
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in a number of POPs. Ukraine, for example, reported that it had established an action plan 
to address the problems associated with emissions of dioxins and furans involving the 
assessment of emissions from stationary sources, tests to refine emission limits, monitoring 
emissions, the development of legislation and establishment of regulatory systems 
(promoting the introduction of BAT). 

50. None of the responding Parties had made use of article 4 of the Protocol, which 
grants certain exemptions to the application of the obligations for example in the case of 
emergencies or if no suitable alternative product can be used. 

 3. Measures to eliminate annex I substances 

51. All responding Parties had banned the import, production and use of the substances 
in annex I in compliance with the Protocol and EU Regulation 850/2004. However, some 
Parties (Denmark, Slovakia and Switzerland) and Ukraine reported restricted use of PCBs. 

52. The Parties focused on describing the national measures to regulate PCB waste 
(reflecting the fact that most of the other substances were no longer in use). In Canada, 
national guidelines existed on decontamination of PCB transformers, use of PCB fuels in 
cement kilns and PCB incineration. Denmark required that PCBs be removed from 
capacitors before scrapping electrical or electronic products. 

53. A number of countries used high temperature incineration to dispose of hazardous 
waste. The United Kingdom also reported that it used physico-chemical treatment and 
incineration with energy recovery. Some Parties had special facilities for the destruction of 
hazardous waste that were subject to prior authorizations and licences (usually valid for a 
period of five years). In Austria, destruction of annex I substances was also undertaken in 
specialized incineration plants and their residues (such as fly ash and bed ash) were 
exported for disposal according to the Basel Convention on the Control of Transboundary 
Movements of Hazardous Wastes and their Disposal. 

54. Countries that did not have the necessary facilities exported their waste to be treated 
abroad. For example, Romania exported its PCBs for disposal in Belgium, France, 
Germany and the Netherlands. Equally, Slovenia exported such waste to Austria, France or 
Germany. Concurrently, the Netherlands operated a cleaning facility which imported PCBs 
for dismantling and decontamination. Some PCB-containing waste which the Netherlands 
could not effectively dispose of itself was exported to specialized plants abroad.  

55. Some Parties reported on measures targeting specific products or activities found to 
generate high levels of POPs, such as the measures in Austria to limit the PAH content of 
clay pigeons. Norway was developing a new strategy for the safe treatment of creosote-
treated wood after discovering, in 2005, that 99% of its total PAH emissions from products 
originated from this source.  

  Transboundary movement 

56. The POPs Protocol requires Parties to ensure that the transboundary movement of 
substances listed in annex I is conducted in an environmentally sound manner. In this 
respect, the majority of responding Parties stated that they applied the obligations in the 
Basel Convention. Austria also reported that it had ratified the Rotterdam Convention11 and 
mentioned the relevance of the “Prior Informed Consent Procedure for Certain Hazardous 
Chemicals and Pesticides in International Trade”. The EU countries also referred to EU 

  
 11 The 2004 Rotterdam Convention on the prior informed consent procedure for certain hazardous 

chemicals and pesticides in international trade. 
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Regulation 1013/2006 on shipments of waste and to the EU legislation on POPs. Norway 
applied European Council Regulation 259/93 on the supervision and control of shipments 
of waste within, into and out of the European Union. The Netherlands specified that the 
transport hazardous waste was subject to a permit and all transport was to be registered with 
the National Registry Office. 

 4. Measures to restrict annex II substances 

57. Parties indicated varying degrees of removal of the annex II substances, with 
Bulgaria and the Netherlands reporting complete bans on all of them. In Austria, production 
and use of all four substances was banned, although products already in use that contained 
PCBs could be used. In Finland, HCH and lindane were banned while DDT could be used 
to produce dicofol until January 2014 in a closed-system and PCBs followed EU 
Regulation 850/2004. Lindane was banned in Germany for use as an active ingredient in 
plant protection products. Italy reported bans on DDT, HCH and lindane, while applying 
EU Directive 96/59/EC on the disposal of PCBs. In Liechtenstein and Switzerland both 
DDT and HCH (mixed isomers) were banned while lindane was permitted in dressings and 
pharmaceuticals for public health and veterinary topical insecticide, and PCBs were 
exceptionally allowed in existing installations with a total PCB content of less than 1 kg. 
DDT was banned in the United Kingdom, while release of lindane into surface water was 
controlled under the Environment Permitting Regulations, the Food and Environmental 
Protection Act and the Control of Pesticides Regulations. PCBs were regulated in the 
United Kingdom with the aim of phasing them out. Use of DDT, HCH and lindane was 
prohibited in Ukraine, while PCBs were allowed in electrical and electronic equipment 
(until the year 2025). 

 5. Best available techniques for reducing POPs from new and existing sources 

58. In most responding Parties, BAT was explicitly required in permits for new 
stationary sources. Liechtenstein and Switzerland reported having set limit values based on 
BAT. Denmark reported the use of BAT according to the EU IPPC Directive and EU 
BREFs as minimum standards when issuing licences. Italy reported on a number of 
guidelines for BAT in different sectors of activity (such as waste incineration, combustion 
plants and mineral oil and gas refineries), all of which were based on EU BREFs. The 
Netherlands also used the BREFs to set standards for BAT.  

 6. Emission limit values for new and existing stationary sources 

59. For dioxins and furans, most Parties reported that they complied with ELVs set in 
annex IV for both new and existing stationary sources of municipal solid waste, medical 
solid waste and hazardous waste. Reference was also made to the application of EU 
Directive 2000/76/EC. Canada reported values of 0.08 (nanogram toxicity equivalent per 
cubic meter) ng TE/m3 for all three sources of waste.  
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 C. 1998 Aarhus Protocol on Heavy Metals12

 1. Overview and main obligations 

60. The Protocol on Heavy Metals was adopted on 24 June 1998 in Aarhus (Denmark) 
and is ratified by 29 Parties.13  

61. The objective of the Protocol on Heavy Metals is to control the emissions of 
cadmium, lead and mercury caused by anthropogenic activities that are subject to long-
range transboundary atmospheric transport and are likely to have significant adverse effects 
on human health or the environment. The main sources identified under this Protocol are 
industrial sources (iron and steel industry and non-ferrous metal industry), combustion 
processes (power generation and road transport) and waste incineration. The Protocol sets 
out specific limits with deadlines for each metal and for each Party. It promotes the use of 
BAT, the application of product control measures and maintenance of emissions 
inventories. 

62. In 2010, the Working Group on Strategies and Review started negotiations for 
revising the Protocol, including: to update the ELVs and BAT therein, to introduce a review 
clause and to rectify an omission in the Protocol with respect to reporting and the use of 
alternative reduction strategies. The obligations will be revised in to be in line with the 
amendments to the Protocol on POPs and those proposed to the Gothenburg Protocol and 
its proposed new annex on total suspended particles (TSP). Furthermore, the Working 
Group will consider possibilities for introducing flexibilities into the Protocol to facilitate 
its ratification by countries with economies in transition. In addition, in 2011, it is expected 
to start negotiations for adding mercury-containing products to annex IV to the Protocol. 
The Working Group has stressed the need to keep in view the progress on the negotiation 
for a global agreement on mercury as they continue to discuss revisions to the Protocol.  

 2. National strategies, policies and programmes to reduce emissions of heavy metals 

63. Most Parties reported on significant reductions in lead emissions achieved through 
the phasing out of leaded petrol and improvements in transport management. Recycling of 
batteries and other materials containing heavy metals was being actively promoted by 
Parties such as the Czech Republic and Denmark. EU countries referred to the EU 
directives concerning heavy metals.14

64. Some Parties had set targets for the reduction of emissions from heavy metals. For 
example, Bulgaria’s National Environmental Strategy and Action Plan for the period 2000–
2006 set the following 2010 targets for heavy metals (from 1990 levels): a 60% reduction in 
lead, a 58% reduction in cadmium and a 56% reduction in mercury. In most cases 
reductions were being achieved on a product-by-product basis. For example, in the United 
States, measures at both the state and federal levels limited the amount of mercury in 

  
 12 http://www.unece.org/env/lrtap/hm_h1.htm. 
 13 Austria, Belgium, Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, 

France, Germany, Hungary, Latvia, Liechtenstein, Lithuania, Luxembourg, Monaco, Netherlands, 
Norway, Republic of Moldova, Romania, Slovakia, Slovenia, Sweden, Switzerland, United Kingdom 
of Great Britain and Northern Ireland, United States of America and European Union. Updated status 
of ratifications is available at the Convention website at 
http://www.unece.org/env/lrtap/status/lrtap_s.htm. 

 14 For example, Directives 2006/66/EC, 2007/51/EC, 2000/53/EC, 2002/95/ EC, 2002/96/ EC, 
2002/95/EC and EC REACH (1907/2006). 
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batteries, mercury in paint was banned and a number of chlor-alkali production facilities 
had been closed. 

65. Some Parties had implemented bans outright, including, in the case of Denmark, a 
ban on the import and sale of products containing lead, the import, sale and production of 
goods containing cadmium and the import, sale and export of products containing mercury. 
Measures reported by some Parties (notably the Czech Republic, the Netherlands and the 
United Kingdom) included legal, economic and voluntary instruments, strategic planning, 
research and development, international cooperation, education and public awareness 
activities. 

 3. Best available techniques for new and existing sources  

66. Annex III to the Protocol outlines a range of BAT, such as off-gas cleaning with 
scrubbers and filters or substitution of raw materials, which are intended to provide Parties 
with guidance for options to reduce emissions from the three heavy metals targeted. A large 
number of Parties reported that they issued integrated permits based on BAT for new 
stationary sources emitting heavy metals. In contrast, in Romania, permits did not specify 
the use of any single technique or technology, but took into consideration the technical 
characteristics of the installation, its geographical location and local environmental 
conditions. Canada had countrywide standards which helped to identify BAT for different 
sources. In Finland ELVs were set on a case-by-case basis in permits, but varied between 
10-30 mg/m3 for dust/particulate emissions. Permits required that plants be equipped with 
electrostatic precipitators and fabric filters or scrubbers to clean the waste gases.  

67. BAT applied to stationary sources in the Czech Republic included wet scrubbers, 
electrostatic separators and fabric filters, while in Croatia the most commonly used 
technology was fabric filters. In Hungary primary technologies and end-of-pipe 
technologies (e.g., scrubbers and filters) were used to reduce emissions of heavy metals. In 
the Netherlands BAT included high pressure wet scrubbers, activated carbon injection, 
electrostatic precipitators, fabric filters and wet scrubbers, with the last three also being 
reported as the most common measures in Liechtenstein and Switzerland. Slovenia’s 
measures involved introducing superior fuels (particularly natural gas), mixing coal with 
fuels with lower emissions of heavy metals, electrostatic dust filters, wet desulphurization 
of flue gases and filter bags.  

 4. Limit values applied to new stationary sources 

68. The vast majority of Parties reported limit values for most stationary sources that 
were within the limits set in annex V to the Protocol. In some cases values reported were 
lower, as, for example, in Denmark for PM and lead, respectively, in the cement and glass 
industries. Equally, most ELVs in Germany and the Netherlands were below those set in 
annex V, as were many of Slovenia’s. 

69. Specifically for municipal waste incineration, Austria, Croatia, Denmark, Estonia, 
Finland, the Netherlands, Slovakia and Slovenia all reported slightly lower (0.05mg/m3 
instead of 0.08 mg/m3 as set in annex V to the Protocol) thresholds for mercury emissions. 
Germany and Sweden reported even lower ELVs (0.03 mg/m3) for mercury emissions from 
municipal waste incineration. However, both Liechtenstein and Switzerland reported 
emission limits for mercury from both hazardous and municipal waste incineration above 
those set in annex V. 

70. In Croatia, Finland and Slovenia the ELVs set for the combustion of solid and liquid 
fuels for sources with thermal inputs above 100 Mwth was lower than that set in annex V. 
Liechtenstein reported PM emissions of 10 mg/m3 for combustion plants of solid and liquid 
fuels of over 50 MWth, in contrast with the limit in annex V of 50 mg/m3. Its PM ELVs in 
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the cement industry were also below those set in annex V. Sweden reported lower ELVs for 
PM from the combustion of liquid and solid fuels. Most of Switzerland’s ELVs for PM 
were below those in annex V. Except for PM emissions from the combustion of solid fuels 
and liquid fuels in plants of between 50–500 MWth, where limits were higher than those in 
annex V, Estonia’s ELVs were in line with annex V. 

71. The United States noted that regulations for chlor-alkali production, municipal waste 
combustors, primary zinc smelting, secondary copper smelting, secondary lead smelting, 
combustion of fossil fuels in utility boilers >25 megawatts, combustion of fossil fuels in 
utility boilers >3 megawatts, primary iron and steel production and electric arc furnaces 
were as or more stringent than those in the Protocol. The average mercury limit across all 
five types of incinerators in the United States was reported to be about half of the ELVs in 
the Protocol.  

 5. Lead in petrol 

72. Leaded petrol was no longer sold in all responding countries and the lead content of 
unleaded petrol was restricted to less than 0.005 grams per litre (g/l) in most of the 
responding Parties and Ukraine. The EU member States also noted that they were bound by 
the relevant EU legislation.15 In Norway, petrol with a lead content of a maximum of 
0.15 g/l was allowed for historic vehicles, but the sales were limited to 0.5% of total yearly 
petrol sales. In the United Kingdom, a limited quantity of leaded petrol was available on a 
permit basis for historic vehicles with the total amount limited to less than 0.025% of total 
petrol sales. 

73. Romania reported that qualitative monitoring of petrol and diesel fuel was achieved 
through sampling and analysis performed by laboratories, product certification bodies or 
third-party inspection bodies accredited at the ministerial level. In Slovakia, the 
Environmental Inspectorate regularly tested fuel quality, including its lead content. In 
Sweden, spot checks were carried out at depots and filling stations to check on quality. 

 6. Mercury in batteries 

74. Various legislative measures had been applied by responding Parties to limit the 
mercury content in batteries. Reference was also made to the implementation of EU 
Directive 2006/66/EC on batteries and accumulators. Mercury content allowed in alkaline 
batteries in most responding countries was 0.0005% by mass.   

 D. 1994 Protocol on Further Reduction of Sulphur Emissions16

 1. Overview and main obligations 

75. The 1994 Oslo Protocol on Further Reduction of Sulphur Emissions (the 1994 
Sulphur Protocol) entered into force in August 1998 and has been ratified by 29 Parties.17 
This second Sulphur Protocol was prompted by concerns over the transboundary emissions 

  
 15 Directive 98/70/EC, relating to the quality of petrol and diesel fuels and Directive 2003/17/EC 

amending Directive 98/70/EC. 
 16 http://www.unece.org/env/lrtap/fsulf_h1.htm. 
 17 Austria, Belgium, Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, 

Germany, Greece, Hungary, Ireland, Italy, Liechtenstein, Lithuania, Luxembourg, Monaco, 
Netherlands, Norway, Slovakia, Slovenia, Spain, Sweden, Switzerland, the former Yugoslav Republic 
of Macedonia, United Kingdom of Great Britain and Northern Ireland and European Union. Updated 
status of ratifications is available at: http://www.unece.org/env/lrtap/status/lrtap_s.htm. 
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of sulphur that continued to cause widespread damage to ecosystems and historical 
monuments and had harmful health effects. 

76. The 1994 Sulphur Protocol was the first effects-based instrument under the 
Convention and used critical loads to set country-specific emission ceilings. It requires 
Parties to take the most effective measures to reduce their SO2 emissions, to increase 
energy efficiency and the use of renewable energy and to reduce the SO2 content of 
particular fuels. It promotes the use of fuel with a low SO2 content and the application of 
BAT. Annex II to the Protocol sets out specific and time-limited emissions ceilings for 
Parties and its annex V specifies emission levels for major stationary combustion sources 
and gas oil.  

 2. National strategies, policies and programmes  

77. Parties that had ratified the Gothenburg Protocol referred to their implementation of 
that Protocol (see the summary of their replies in sect. A above). The present section 
summarizes information provided by Canada, Italy and Liechtenstein that are not yet 
Parties to the Gothenburg Protocol, as well as by Ukraine (not a Party to either one of the 
Protocols).  

78. Canada reported that the Canada-United States Air Quality Agreement, focused on 
reducing acidification, recognized the transboundary nature of SO2 emissions. Canada also 
promoted the Canada-Wide Acid Rain Strategy for Post-2000. Furthermore, in 2006, 
Canada had begun developing a nationwide regulatory framework for reducing air 
emissions. A Sulphur Oxide Management Area (SOMA) was designated in the south-east 
of the country. Within this zone, and since 1991, Canada had respected an SO2 emissions 
cap of 1.75 Mt/year. 

79. Italy applied a mix of command and control measures and economic instruments to 
control SO2 emissions. Its programmes and measures included air quality limits and target 
values, warning levels, emission limits for combustion plants and industrial installations 
and fuel quality standards. Measures also included the promotion of renewable energies, 
energy saving and the combined use of SO2 with sulphur-free fuels in combustion plants.  

80. Through its national legislation Liechtenstein regulated emissions from stationary 
sources, set emission standards for pollutants, including SO2 and promoted renewable 
energy notably, solar, wood and biomass.  

81. Ukraine’s energy strategy for the period until 2030 and beyond promoted cleaner 
fuel and energy to reduce SO2 emissions. Accordingly, power plants were being 
reconstructed and modernized. The country was planning to introduce systems of chemical 
bonding of sulphur during the reconstruction of existing thermal power plants with a 
moderate level of efficiency (50–70%) and the use of boilers with circulating fluidized beds 
between 2010 and 2017. 

 3. Most effective measures for reducing sulphur emissions for new and existing sources 

82. Many of the measures undertaken to improve energy efficiency and the use of 
renewable sources of energy were closely tied to efforts to reduce anthropogenic sources of 
climate change. Parties reported on a range of such measures, including energy pricing, 
subsidies, certification and labelling schemes and information campaigns. (More on 
specific measures in different countries can be found under the section on energy in part 
three of the 2010 Review (ECE/EB.AIR/2010/8/Add.2)). 
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 4. National standards for the sulphur content of gas oil 

83. Canada reported on regulations which limited the SO2 content of diesel for on-road, 
off-road, rail and marine vehicles and in gasoline. The SO2 content of diesel for on-road 
vehicles was 0.001% in Ukraine, 0.005% in Italy and Liechtenstein, and 0.0015% in 
Canada (as compared to annex V which sets the limit at 0.05%). Italy and Liechtenstein 
distinguished the “other categories” of fuels with different limit values for diesel for off-
road vehicles, for gas oil for inland navigation and for heating. 
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